A 32-year-old female presented to the emergency department with fever, sore throat, and swelling of the right neck. A computed tomography scan showed a thyroid nodule measuring 2 cm localized to the right lobe. Ultrasound showed a dominant, complex, partially cystic and solid nodule measuring 2.3 cm × 2.1 cm × 2.0 cm with scattered internal microcalcifications. An ultrasound-guided FNA was performed, and the Papanicolaou and Diff-Quik-stained smears are shown in [Figure 1](#F1){ref-type="fig"}.

![(a) Cellular smears with numerous epithelioid cells showing clear cytoplasmic vacuoles, and rich vascularity (Diff-Quik, ×200); (b) Rare focus with cellular atypia, nuclear pleomorphism and hyperchromasia (Diff-Quik, ×400). (c) Higher power of a lesional cell with a signet ring appearance (Diff-Quik, ×600); (d) Papanicolaou-stained smear showing a cohesive cluster of cells, two with a signet ring appearance (×400); (e) The cell block was paucicellular but did contain two small groups of lesional cells with interspersed macrophages (H and E, ×200); (f) Immunohistochemical staining for thyroid transcription factor-1 showing positive nuclear staining in the lesional cells (×200). CD68 and CD10 immunohistochemical stains were negative (not shown)](CJ-16-5-g001){#F1}

QUESTION {#sec1-1}
========

Q1: What is your interpretation of the above findings?

Negative for malignancySuspicious for follicular neoplasmPositive for malignancy, favor metastasisPapillary thyroid carcinoma.

ANSWER {#sec1-2}
======

The best answer is "suspicious for follicular neoplasm." Given the imaging findings of a dominant thyroid nodule along with a cellular aspirate of cohesive clusters of monotonous-appearing cells with atypical cytologic features including hyperchromasia, intracytoplasmic vacuoles, and signet ring cells, a neoplasm is likely.

The finding of signet ring cells in a follicular neoplasm of the thyroid is a rare event.\[[@ref1]\] Interpreting these signet ring cells in thyroid cytology specimens is a difficult task, with various metastatic entities, primary thyroid neoplasms, and even benign nonneoplastic lesions, all entering the differential diagnosis. In this case, the pronounced intracytoplasmic vacuoles and prominent vascular network on the FNA smears closely mimicked metastatic clear cell renal cell carcinoma.\[[@ref2]\] However, positive immunohistochemical (IHC) staining for TTF-1 and negative staining of CD10 on the cell block section rendered this diagnosis unlikely.

PATIENT FOLLOW-UP {#sec1-3}
=================

The patient subsequently underwent a total thyroidectomy with limited cervical lymph node dissection without complication. Gross pathologic examination of the thyroid specimen revealed a well-circumscribed tan-yellow nodule within the mid-inferior right lobe measuring 2.7 cm × 2.3 cm × 1.7 cm. Histologically, the nodule was encapsulated and demonstrated a predominantly nested pattern of growth with occasional microfollicular structures and scattered fine vasculature \[[Figure 2a](#F2){ref-type="fig"}\]. The lesional cells showed numerous fine vacuoles as well as large, clear intracytoplasmic vacuoles imparting a signet ring cell appearance. Mitotic figures were not conspicuous. In addition, an area with marked cellular atypia and nuclear pleomorphism was identified \[[Figure 2b](#F2){ref-type="fig"}\], similar to the aspirate smears. Mucicarmine \[[Figure 2e](#F2){ref-type="fig"}\] and Alcian blue stains were negative for mucin. Thyroglobulin was positive in the neoplastic cells \[[Figure 2f](#F2){ref-type="fig"}\]. The nodule was entirely submitted for microscopic examination. Two foci of vascular invasion within the capsule were identified \[[Figure 2c](#F2){ref-type="fig"}\], which were confirmed by IHC staining with ERG transcription factor \[[Figure 2d](#F2){ref-type="fig"}\]. A diagnosis of "follicular thyroid carcinoma with signet ring cells, minimally invasive with vascular invasion" was made. No evidence of lymph node metastasis was identified.

![Histologic features of thyroid follicular carcinoma with signet ring cells. (a) Nested pattern of follicular cells, some with intracytoplasmic vacuoles imparting a signet ring cell appearance, and surrounding fine vasculature (H and E, ×400); (b) An area with marked cellular atypia (H and E, ×200). (c) Vascular invasion within the capsule, with fibrin thrombus formation associated with neoplastic follicular cells (arrow) (H and E, ×400). (d) ERG transcription factor immunohistochemistry, highlighting the endothelial cells (double arrows) lining the vascular space with neoplastic follicular cells within the lumen (×400). (e) Neoplastic cells negative for mucin (Mucicarmine, ×400). (f) Neoplastic cells positive for thyroglobulin (Thyroglobulin, ×200)](CJ-16-5-g002){#F2}

Clinical follow-up with nuclear scans revealed no definitive evidence of local or distant metastasis, and the patient received 30 mCi of I-131. At 6-month postthyroidectomy, the patient had no evidence of recurrence.

ADDITIONAL QUIZ QUESTIONS {#sec1-4}
=========================

Q1. Which of the following statements regarding prognosis when signet ring cell morphology is seen in a thyroid neoplasm has been reported in the literature?

Signet ring cell morphology in thyroid neoplasms is associated with a poor prognosis, much like carcinomas of the gastrointestinal tract showing similar morphologySignet ring cell morphology indicates a metastatic tumor and is associated with a poor prognosisSignet ring cell morphology in thyroid neoplasms does not appear to be associated with a poor prognosis, unlike carcinoma of the gastrointestinal tract showing similar morphologySignet ring cell morphology in thyroid neoplasms has not been reported to be associatedS with prognosis.

Q2. Which of the following results on the immunohistochemical analysis of a cell block from a fine-needle aspiration of a thyroid nodule showing signet ring cell morphology is most consistent with a primary thyroid neoplasm?

Lesional cells positive for CAIX and CD10; negative for TTF-1 and thyroglobulinLesional cells positive for TTF-1 and napsin A; negative for CAIX and CD10Lesional cells positive for ER and GATA3; negative for SOX10 and S100Lesional cells positive for TTF-1 and thyroglobulin; negative for CAIX and CD10.

Q3. Which of the following statements is best, given the finding of signet ring cell morphology in an aspirate smear of a thyroid nodule?

A metastatic tumor to the thyroid is a possibility, but a thyroid primary should be ruled outSignet ring cell morphology is not seen in primary thyroid neoplasms, so it is likely a metastasisSignet ring cells indicate a malignant neoplasm, as this morphology is not associated with benign processes of the thyroidA benign thyroid process is likely, and further workup is not necessary.

ANSWERS TO ADDITIONAL QUIZ QUESTIONS {#sec1-5}
====================================

Q1: C; Q2: D; Q3: A

BRIEF REVIEW OF THE TOPIC {#sec1-6}
=========================

"Signet-ring" is a commonly used descriptor for cells showing crescent-shaped nuclei compressed to the periphery of the cell secondary to cytoplasmic accumulation of vacuoles, inclusions, and various substances including mucin and lipids.\[[@ref1]\] The finding of signet ring cells on a fine-needle aspiration (FNA) smear of a thyroid nodule can present a diagnostic challenge for the cytopathologist due to its rarity, broad differential diagnosis, and the potential for misdiagnosis as a metastatic lesion. Although the finding of signet ring cells in a neoplasm is often associated with gastrointestinal, breast, and lung carcinomas, there are limited reports in the literature of primary thyroid follicular adenomas and carcinomas with signet ring cells.\[[@ref1][@ref3][@ref4][@ref5][@ref6][@ref7][@ref8][@ref9][@ref10][@ref11]\] Furthermore, the literature is even sparser with regard to the cytomorphology of these signet ring cell follicular neoplasms on FNA smears.\[[@ref1][@ref5][@ref7][@ref8][@ref9][@ref10][@ref11]\]

Although metastasis to the thyroid is a rare event, it must be considered and ruled out when signet ring cells are encountered on an aspirate smear. The common primary sites of metastatic carcinomas to the thyroid reported in the literature include kidney, lung, and breast, among others.\[[@ref1][@ref12]\] In addition, signet ring cells can be seen in melanoma, along with carcinomas of varying sites.\[[@ref12]\] Even cases of oncocytic thyroid neoplasms and adenomatous hyperplasia with signet ring cells have been exceptionally seen.\[[@ref3][@ref13]\] Combined evaluation of cytomorphology and appropriate use of IHC with an adequate cell block preparation are ideal in these situations to clarify the nature of the lesion. Immunohistochemical stains to consider using to differentiate primary from metastatic lesions would include thyroglobulin and TTF-1 (thyroid), CAIX and PAX8 (clear cell renal cell carcinoma), GATA3, mammaglobin and ER (breast), and Melan-A, HMB45, and SOX10 (melanoma). Caution should be employed when considering the use of PAX8 and TTF-1, as positive staining can be seen in primary thyroid lesions as well as metastatic renal cell carcinoma (PAX8+) and metastatic adenocarcinoma of the lung (TTF-1+).

The vacuoles imparting the signet ring cell morphology in follicular thyroid neoplasms are thought to be intracytoplasmic follicular lumina lined by microvilli based on ultrastructural studies, which may be due to an arrest in folliculogenesis.\[[@ref3][@ref4][@ref13]\] Accumulation of thyroglobulin and less frequently mucin has been shown within these vacuoles.\[[@ref1][@ref8]\] The clear cell variant of follicular neoplasms, in comparison to the signet ring cell variant, shows centrally located nuclei with cytoplasmic clearing due to the accumulation of similar material.\[[@ref5]\] Medullary thyroid carcinoma is also considered in the differential due to the fine cytoplasmic vacuoles, which can be seen in various neuroendocrine neoplasms.\[[@ref14][@ref15]\] It can be ruled out by immunohistochemical staining or measuring serum calcitonin levels. Although the finding of signet ring cells has been classically associated with a poor prognosis in malignancies from other sites, and especially in gastrointestinal tumors, this has not been the case in thyroid follicular neoplasms, as signet ring morphology has been identified more often in benign rather than malignant tumors.\[[@ref1][@ref6]\]

The general molecular genetics of thyroid neoplasms have been well studied. While *BRAF* and *RET/PTC* alterations are most commonly found in classic papillary thyroid carcinomas, genetic alterations, when found in follicular adenomas and carcinomas, typically involve *RAS* or *PAX8/PPAR*γ.\[[@ref16][@ref17]\] The molecular characterization of follicular neoplasms with signet ring cells, however, is lacking in the literature. This is probably due to the scarcity of cases reported and also due to the fact that many of them were reported decades ago. Two reported cases of follicular adenoma with signet ring cells were found negative for *BRAF* V600E mutations, but analysis for *PAX8/PPAR*γ was not performed due to technical limitations.\[[@ref11]\] Another series showed a *PTEN* variant through amplified multiplex PCR analysis of follicular adenoma with signet ring cells.\[[@ref18]\]

CONCLUSION {#sec1-7}
==========

The finding of signet ring cells in a thyroid aspirate presents a diagnostic challenge to the cytopathologist, with a variety of not only primary and metastatic neoplasms but also nonneoplastic conditions to consider. Although neoplasms showing signet ring cells typically are associated with a poor prognosis, this cytologic feature has been reported more often in benign rather than malignant thyroid processes.
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